We have used a new technique for extraction of myocardial membranes (0.25 M sucrose, 0.6 M KC1) to isolate particulate and soluble proteins and enzymatic activities in an effort to quantify changes characteristic of progressive ischemia. Myocardial blood flow (MBF) was measured with microspheres (15 fiia diameter) in all samples of tissue used for assay of proteins and enzymatic activities; MBF to the moderately ischemic areas (M-ischemia) was 53% of control (H-control); MBF to the severely ischemic areas (L-ischemia) was 9% of control. Significant decreases (P< 0.001) in content of protein were seen in all post 1,000 g pellets and supernatant fluids in the L-ischemia zones; particulate lysosomal enzymatic activity was significantly decreased (P < 0.001) in all four post 1,000 g pellets (2,500 g to 140,000 g) of the L-ischemic areas (for JV-acetyl-/}-glucosaminidase and /?-glucuronidase). The increase in percent free activity of lysosomal enzymes (index of loss of latency) also was highly significant (P < 0.001) in all particulate fractions of the L-ischemic areas. In addition, about 45% of the total activity of the microsomal marker enzyme, rotenone-insensitive NADH cytochrome C reductase (RINCR), was found in the 140,000 g pellet of H-control tissue (9.9 fimol/min per g); this activity fell to 8.1 fimol/min per g in M-ischemic areas (P < 0.001) and to 5.3 /imol/min per g in L-ischemic areas (P < 0.001). This study demonstrates that changes in myocardial proteins, lysosomes, and other membranebound enzymes (RINCR) may provide reproducible bichemical parameters for assessing ischemic myocardial injury.
EARLIER studies of lysosomal enzymes during ischemia of the pancreas, 1 liver, 2 and skeletal 3 and cardiac muscle 4 ' 5 have demonstrated in these damaged areas a shift of activity from particulate fractions to the supernatant fraction. Several investigators have speculated that this release of lysosomal enzymes may be involved in early cellular damage. 6 ' 7 A recent review has defined some of the major problems that are associated with studies of lysosomal activity derived from myocardial tissue. 8 In particular, different methodological approaches may affect the yield and intactness of lysosomes from normal and ischemic myocardium. Thus, variability in methodology from laboratory to laboratory may result in obtaining a different data base of lysosomal parameters. Significant advances have been made in developing new techniques of centrifugation for the characterization of lysosomal subpopulations from myocardium. 9 Other investigators have reported, using electron microscopy to study ischemic myocardial tissue, early rupture of lysosomes or streaming of lysosomal enzymes within the myocardial cell prior to the time that onset of irreversible cell damage has been thought to occur.
10, 11
We have reported previously, using less efficient techniques of lysosomal isolation, the changes in lysosomal activity after 1 hour 12 and 2 hours 13 of ischemia; the enzymatic data were correlated significantly with changes in collateral flow to ischemic endocardial tissue samples. This former extraction technique required relatively large samples of myocardial tissue (2-3 g), and the yield of enzymatic activity in useful particulate form approached only 20% of total lysosomal hydrolases. Recently our group has reported a new technique for extraction and homogenization of cardiac tissue which allows the isolation of a significant number of biochemically intact myocardial lysosomes. 14 This extraction technique permitted isolation of a larger amount of total latent lysosomal activity (up to 60% of total particulate activity). In this study the relationships between changes in the intactness of lysosomes and the distribution of endocardial lysosomal and other enzymes are described under conditions in which the degree of ischemia is defined for each portion of tissue undergoing biochemical analysis.
Methods

Model of Ischemia: Surgical Procedure
Thirteen randomly chosen adult mongrel dogs (11-17 kg) were anesthetized by intravenous injection with sodium pentobarbital, 27 mg/kg (Diabutal, Diamond Lab., Inc.). All dogs were tested prior to surgery and were found to be heart worm negative. The dogs were intubated with a cuffed endotrachial tube and ventilation was maintained with room air by a respirator (Harvard Apparatus Co., Inc.). The left femoral area was incised and the fascia was dissected free prior to insertion of arterial and venous catheters. A modified open-French multiple-curve catheter (Cordis Co.) was inserted into femoral artery and advanced to the thoracic aorta; another catheter was placed in the femoral vein and advanced to the inferior vena cava. Withdrawal of blood samples, administration of drugs, and the infusion of saline (0.9%) were accomplished via the catheter in the inferior vena cava. Arterial pressure was monitored by a Beckman R411 Dynograph recorder with a coupled pressure transducer (B+H Type 4-237-0121). Needle electrodes were placed subcutaneously for continuous monitoring of the electrocardiogram (ECG) and changes (lead II) were recorded on the Dynograph R411.
A left thoracotomy was performed in the 5th intercostal space. A pericardial cradle was formed and the left anterior descending coronary artery (LAD) was dissected free of fat and connective tissue immediately distal to the first diagonal branch. A nylon ligature was placed around the LAD for acute occlusion of the coronary artery. Lidocaine-HCl (Elkins-Sinn, Inc.) was administered to suppress ectopic beats (boli of 20 mg as needed). Two dogs experienced ventricular fibrillation during occlusion of the LAD; defibrillation was not attempted because of recent reports of membrane disruption by countershock. 15 Four other dogs were anesthetized and intubated prior to rapid excision of their hearts to provide control cardiac tissue within 30 seconds of initiation of the thoracotomy.
Analysis of Regional Myocardial Blood Flow
Radioactive microspheres were 15 ± 5 /xm in diameter (Nuclear Products) and had a specific activity of 12.1 mCi, 85 Sr per gram of microspheres; these were used to measure regional myocardial blood flow. They were suspended in a solution containing 20% dextran with a few drops of Tween-80 to prevent aggregation. Prior to each experiment, this solution of microspheres was vortexed vigorously and sonicated for 10 minutes. Each injection contained 1.76 X 10 6 microspheres which were diluted with 55% wt/vol sucrose to a final volume of 8 ml. Vortexing was followed by sonication of this sucrose-microsphere solution for three 10-minute periods; this resulted in a free suspension of microspheres. This suspension was injected into the dog 60 minutes after occlusion of the LAD.
Sampling of Control and Ischemic Tissue
Two hours after occlusion of the LAD the heart was excised and immersed in cold buffer (0.25 M sucrose, 10 mM imidazole at 4°C). The endocardial ischemic area was identified as a grayish zone that usually extended from the apex of the ventricle to the base of the anterior papillary muscle; this visual identification has been reported by others for sampling of ischemic cardiac tissue. 16 The grayish area appeared most frequently on the left ventricular endocardial free wall at the base of the anterior papillary muscle. The center of the ischemic zone was excised with a razor blade and a marginal zone of combined normal and grayish ischemic tissue was left behind for subsequent sampling. Control zones were obtained from the endocardial region at the base of the posterior papillary muscle and from the nonischemic free wall in the area that was perfused by the largest left marginal branch. The final dissected sample was composed of the inner one-third of each transmural sample of myocardium (endocardium).
These endocardial tissue samples were cooled in the extraction medium (0.25 M sucrose, 0.6 M KC1, buffered with imidazole to pH 7.2) prior to blotting and weighing; tissue weight was never allowed to exceed 2 g for any sample (range from 1.2 to 2.0 g). Finally, tissue was immersed in its original extraction medium and minced finely with a razor blade.
Homogenization of Endocardial Tissue
The minced tissue was placed in a micro-attachment chamber (75 ml) of the Sorvall Omnimixer (Dupont Instruments). For each experiment the blade and shaft of the Omnimixer were disassembled and rinsed thoroughly in deionized water. The blade was placed in a vise and the edges were ground with a honing stone to produce fine cutting surfaces prior to each experiment. The chamber was filled completely with medium: 0.25 M sucrose, 0.6 M KC1, 1 mM ATP, 1 mM EDTA, and 1 HIM MgCl2, buffered with imidazole at pH 7.2. The tissue was homogenized at position "8" of the Omnimixer for two 15-second periods.
Pellets were obtained by centrifuging as described in Figure 1 and were resuspended in 0.25 M sucrose containing 10 mM imidazole, buffered at pH 7.2. The 1,000 g pellet (nuclear pellet, NP) contained cellular debris, unbroken blood cells, and aggregates of contractile proteins that were not solubilized by the 0.6 M KC1 extraction. Also, the radioactive microspheres sedimented exclusively in this fraction due to their density (1.3 g/ml). 13 Great care was exercised in handling the 1,000 g samples since they were used to quantify the blood flow to each specimen of control and ischemic myocardium. All sedimented fractions were removed from their respective centrifuge tubes and resuspended with a Teflon-glass homogenizer (15 ml capacity, A. H. Thomas Co.) in 0.25 M sucrose, 10 mM imidazole, buffered at pH 7.2. Each of the 2,500 g, 9,000 g, and 20,000 g pellets required four up and down strokes to achieve a uniform suspension; the 140,000 g pellet usually required seven strokes.
Grouping of Control and Ischemic Tissue Samples
The myocardial blood flow (MBF) was determined for each endocardial sample. The control area from each heart that exhibited the highest MBF value was designated 100%. All other endocardial samples were then expressed as a percentage of that control. These samples were then grouped according to their percent of control value. Samples having greater than 75% of control MBF were grouped in the H-control group; samples having greater than 25% and less than 75% of control blood flow were grouped in a moderately ischemic group (M-ischemia). Samples with less than 25% of control MBF were grouped as severely ischemic and were placed in the low flow group (L-ischemia).
Enzymatic Assays
Af-acetyl-/?-glucosaminidase (NAGA) and /S-glucuronidase (/?-gluc), were assayed for total activity as reported previously. 13 Lysozyme was assayed as described by Canonico and Bird. 17 Cytochrome oxidase was assayed using ultrapure Sigma Type VI ferrocytochrome c according to the procedure of Wharton and Tzagaloff. 18 Rotenone-insensitive NADH cytochrome c reductase was assayed according to the method of Sottocasa et al. 19 Latency was determined as previously reported, 14 and protein was assayed according to the Lowry method. 20
Statistical Analyses
Analyses of these data were performed with the aid of an IBM 370-145 computer, using the General Linear Models procedure of the Statistical Analysis System package. Analysis of variance was performed on the H-control, M-, and L-ischemic groups. When group differences were significant, the location of these differences was determined by Student's ^-statistic.
Results
Hemodynamic Parameters
After the thoracotomy there was an elevation in heart rate from 130 to 148 beats/min, and after occlusion of the LAD there was a fall in heart rate of approximately 10 beats/min over the 2-hour period. A slight drop in blood pressure, from a mean of 119 down to 112 mm Hg, occurred after ligation of the LAD; the blood pressure remained in this range over the 2-hour period of occlusion. No significant hypertensive or hypotensive episodes were noted during these experiments.
Measurement of Myocardial Blood Flow
The highest absolute flows of the 11 H-control endocardial samples averaged 1.60 ml/min per g; this value was designated 100%, and when all Hcontrol samples were compared to this reference they were 89% (Table 1 ) of the highest controls with an absolute flow of 1.41 ml/min per g for all H-control samples. The M-ischemic flows averaged 53% of the 11 highest endocardial controls and the flows of the L-ischemic group were 9% of the highest controls. The average absolute flow was 0.83 ml/min per g for the M-ischemic endocardial samples and 0.13 ml/min per g for the L-ischemic endocardial samples.
We found that the severity of the reduction of blood flow to ischemic tissue samples could not be estimated accurately by the gross appearance of the tissue samples; also, the size, location, and uniformity of the ischemic areas were highly variable under these experimental conditions. One dog that showed slight focal necrosis in the tissue that was selected for sampling did not have significant ischemia; thus, all four areas of cardiac tissue were included in the H-control group. Table 2A shows the distribution and changes in total activity of /?-gluc in normal and ischemic endocardium in nmoles per hour per gram of tissue. Slight decreases [not significant (NS)] were noted in the nuclear pellets of M-and L-ischemic groups, but these differences became significant (P < 0.001) in all of the higher speed particulate centrifugal fractions (2,500 g through 140,000 g) along with a significant increase in the supernatant extract (P < 0.001) of the L-ischemic group. Significant changes in the M-ischemic group were seen only for the 9,000 g (P < 0.001), 20,000 g (P < 0.05), and 140,000 g{P< 0.001) particulate fractions, but were not found in the supernatant fraction. illustrates similar changes in distribution of NAGA for all fractions of normal and ischemic endocardium. Slight elevations (NS) in total activity were seen in the fractions of M-and L-ischemic groups.
Alterations in Total Activities of Lysosomal Enzymes
Significant decreases were noted in all particulate fractions of the M-ischemic group (P < 0.001), except in the 2,500 g pellet. Significant losses of activity (P < 0.001) were seen routinely in the 2,500 g to 140,000 g particulate fractions of the L-ischemic group. No significant increase in activity of the supernatant was noted in the M-ischemic group, but highly significant retention or increase in total activity was seen in the supernatant fraction of the L-ischemic group (P < 0.001). Total activity of NAGA was calculated (particulate and supernatant) for all areas. The H-control area (723 nmol/min per g) fell to 651 nmol/min per g in the M-ischemic area (P < 0.001) and fell further to 584 nmol/min per g in the L-ischemic area (P < 0.001). Total activities of /?-gluc fell from 299 nmol/hour per g in the H-control area to 276 nmol/ hour per g in the M-ischemic area (P < 0.05) and then to 249 nmol/hour per g in the L-ischemic area ( P < 0.001). Table 3 depicts the distribution of protein from all fractions of endocardial tissue as milligrams per gram wet weight of endocardial tissue. No differences were noted in the nuclear pellets between all three groups; the nuclear pellets contained the second largest amount of total protein of the six fractions. In the particulate fractions between 2,500 and 140,000 g, significant changes (P < 0.01) were noted in the 9,000 and 140,000 g pellets from M-ischemic areas. Highly significant decreases in protein (P < 0.001) were noted in all particulate fractions from 2,500 to 140,000 g in the L-ischemic areas. The largest significant decrease (P < 0.001) in total protein was seen in the supernatant fraction that was obtained from the L-ischemic areas where the decrease was from 79 mg/g wet weight to 67 mg/g wet weight; this amounted to 62% of the total decrease in protein that was seen in the endocardium of the L-ischemic group.
Alterations of Total Protein
Finally, the total protein of H-control endocardium (157 mg/g wet weight) fell to 155 mg/g wet weight in the M-ischemic area (NS) and down to 136 mg/g wet weight in the L-ischemic area (P < 0.001), a 13% decrease in total protein from the Hcontrol to the L-ischemic area. It must be reemphasized that 62% of the total decrease of endocardial protein (8% of the 13%) was from the supernatant fraction. Table 4A shows the changes in total activity of cytochrome oxidase in particulate fractions from Hcontrol, M-, and L-ischemic zones. Assay of this marker enzyme was performed on six H-control, two M-ischemic and four L-ischemic areas. Approximately 95% of the total activity of cytochrome oxidase was found in the three fractions between 1,000 and 9,000 g. The total activity of the endocardial sample fell from 224 jimol/min per g in the Hcontrol areas to 189 junol/min per g in the Mischemic and 169 jumol/min per g in the L-ischemic areas. No activity was found in the supernatant fraction because of the membrane-bound nature of this enzyme. Only about 0.5% of the total activity of cytochrome oxidase was found in the 140,000 g pellet.
Alterations in Total Activities of Cytochrome Oxidase and RINCR
RINCR was assayed in all 11 dogs and the extent of the decrease in activity that could be found in the 140,000 g pellets (Table 4B ) of M-ischemic (P < 0.001) and L-ischemic areas (P < 0.001) was impressive. Significant decreases of RINCR were noted in the other particulate fractions (9,000 and 20,000 g); in addition, no activity of this membranebound enzyme was found in the supernatant frac- These losses of total activity of the membranebound enzymes, cytochrome oxidase and RINCR, from the L-ischemic endocardium ranged from 25% to 30% of H-control. The total loss of NAGA from the L-ischemic endocardium was 19% of H-control and the percent loss of /?-gluc from the L-ischemic endocardium was 17% of the H-control.
Hematological Parameters
The hematocrits showed no differences between pre-surgical (34.5 ± 6%) and post-infarction (35.5 ± 6%) sampling. WBC counts were performed for seven dogs. The presurgical levels averaged 12.6 ± 5 x 10 3 cells/mm 3 and fell slightly to 10.3 ± 8 x 10 3 cells/mm 3 (mean ± SD) over the 2-hour period of ischemia. Assays of lysozyme, an enzyme specific for WBC's, 21 revealed no detectible levels in control and ischemic endocardium. Table 5 lists specific activities for NAGA (5A) and /8-gluc (5B) as nmol/min per mg of protein. The highest specific activities of both lysosomal enzymes were found in the 20,000 g pellets; the next highest activities were in the 9,000 g pellets. Both fractions exhibited average decreases in specific activities in M-and L-ischemic areas; these fractions were significantly lower in content of NAGA but not of /?-gluc. The M-ischemic supernatant fractions showed no increases in specific activity; however, the increases in L-ischemic areas were 58% for NAGA and 50% for /?-gluc; both increases were highly significant (P < 0.001). The magnitude of these supernatant changes is impressive, but in this model where the baseline of protein (Table 3) is changing significantly in the L-ischemic zone, a large portion of the change in specific activity may be due to lowering of this baseline of protein.
Specific Activities of Enzymes
In Table 6 the specific activity of RINCR is presented. The highest activities of this enzyme are seen in 20,000 and 140,000 g pellets; no activity was detected in the supernatant fraction. A slight average drop in specific activity of both fractions was noted in the M-ischemic areas; highly significant decreases (P < 0.001) were noted in the L-ischemic areas. The decreases in specific activity in these RINCR-enriched fractions that contain 56% of total activity correlate well with the decreases in total activity illustrated in Table 4B . Table 7 presents the percent distribution of total protein and enzymatic activity from H-control areas of eleven experimental hearts (Table 7A ) and four rapidly excised hearts (Table 7B ). The data demonstrate that the 2-hour period of ischemia did not Figure 2 illustrates the calculated percent free activity of NAGA for all particulate and supernatant fractions. Percent free activity is an index of intactness of the lysosome and is an expression of latency of this organelle. The supernatant fraction has the highest percent free activity, indicating that just about all latency has been lost. No significant differences in percent free activity were seen between the supernatant fractions of H-control, M-, and L-ischemic groups. In the M-ischemic group, significant increases in free activity were noted only in the 2,500 (P < 0.05), and 9,000 (P < 0.001) g fractions. However, in the L-ischemic group, highly significant increases (P < 0.001) in percent free activity were noted in all particulate fractions.
Percent Distribution of Total Content of Enzymes and Proteins in Control Endocardium
Discussion
Our model of canine myocardial ischemia is one that uses radioactive microspheres to identify the level of ischemia sustained by the sample of endocardium subjected to enzymatic analysis. We have chosen this model because of recent observations by our group and others that show great variability in extent of ischemia secondary to ligation of the LAD. Different animals have been shown to have variable amounts of intrinsic collateral circulation; ligation of a coronary artery of animals with abundant collaterals may not produce predictable ischemia in the myocardium distal to the ligation. Bishop et al. 22 showed that the portion of the left ventricle that sustained ischemic injury after ligation of the LAD ranged from 0 to 35%. Studies by Rivas et al. 23 demonstrated that 12% to 84% of the area that was perfused by the left circumflex coronary artery exhibited ischemic damage following complete occlusion. They showed that when MBF is measured by the microsphere technique there may be small but significant alterations in absolute blood flow to the ischemic area during the first 2 hours of ischemia. However, others report no significant alterations in myocardial blood flow during this same period. 22 An explanation for this apparent discrepancy was offered by Vatner et al. who stated that some adjustments in MBF to the ischemic zone may be occurring during the first few minutes VOL. 43, No. 5, NOVEMBER 1978 after occlusion. 24 This explanation is further supported by the observations of Irvin and Cobb who, in a recent report, discussed the relationship between regional MBF, S-T segment changes, and the anatomic size of the infarct. 25 This study used regression analysis to show a better correlation between infarct size and reduced MBF than between S-T segment changes and infarct size. In this latter study, the correlation coefficient could be increased by extending the time at which blood flow was measured from 15 minutes to 2 hours postocclusion.
Thus, we reasoned that measurement of MBF at 1 hour would give a more accurate estimate of the mean blood flow experienced by the tissue over the entire 2-hour period of ischemia since it would be independent of previously reported initial changes in MBF in the ischemic area; microspheres were injected 1 hour after ligation and the endocardium was sampled 2 hours after ligation. We submit that our estimates of diminished MBF accurately indicate the presence of jeopardized endocardium, and consequently the characteristic changes in proteins and enzymatic activities derived from that tissue are representative of ischemically injured tissue in this model.
The exclusive use of endocardial samples provided several advantages in this study: (1) visual identification of the ischemic zone was easy, (2) endocardium has been shown to develop ischemia most predictably after ligation of the LAD, 26 and (3) the relationship between the extent and time course of development of irreversibility within the transmural layers of the heart varies. 23 ' 25> 26 Consequently, we attempted to reduce such errors by relating changes only in endocardial samples from locations in which MBF was measured at the same time interval.
We divided our endocardial samples into H-control, M-ischemic, and L-ischemic areas. By using these three groups, based on MBF of less than 25% (L-ischemic), between 75% and 25% (M-ischemic), and greater than 75% (H-control), highly significant differences in enzymatic and protein content between the H-control and L-ischemic areas were noted.
Protein was quantified in all three groups and we noted a 13% decrease of total protein per gram wetweight of tissue in the L-ischemic endocardium. It is possible that some of this decrease was due to development of edema in the L-ischemic endocardium, but Willerson et al. 27 reported that significant development of edema in the canine did not occur unless reflow was present; these observations extended only to 1 hour of ischemia. Similar findings were reported by Powell et al. 28 using ischemic papillary muscle; however, they do not discount the possibility of edema produced by low flow states. A second explanation could be a loss of cytoplasmic proteins from the ischemic zones with washout into the coronary sinus of certain enzymes (e.g., creatine phosphokinase, lysosomal hydrolases, etc.) or proteins. One also might postulate changes in the proteins of normal flow areas (e.g., H-control); usually such changes are not considered in reported studies of ischemia. Recent evidence by L'Abbate et al. 29 showed that an increase in perfusion pressure is followed by an increase in tissue volume. However, in Table 7 the data show no change in percent distribution of protein in H-control areas obtained from rapidly excised myocardium and that which was sampled 2 hours after the onset of ischemia. Finally, some proteolysis of particulate and soluble proteins might occur. A combination of all these possibilities may contribute to the alterations we report in content of protein. Although these changes in total protein (on a wet weight basis) are less than those observed for the lysosomal, mitochondrial, and microsomal enzymatic activities, they appear to be reproducible and characteristic of ischemically injured tissue.
Our method of extraction of myocardial tissue has improved our ability to isolate a large percentage of reasonably latent lysosomal activity from small amounts of tissue (1.2-2.0 g). Compared to our previously reported yield of 20% of total lysosomal activity in postnuclear pelletable form, 12 we now obtain more than 60% of total activity in this post-1,000 g pelletable form with a much smaller proportion of soluble activity (Table 7) . To our knowledge, the application of this technique to the study of ischemia allows the highest reported recovery of latent lysosomal enzymes from cardiac muscle with distribution of the bulk of the activity into the post-1,000 g sedimentable pellets. By carefully quantifying the total activity of each enzyme in each sample of endocardium, alterations in content of enzyme due to redistribution have been controlled. We have not emphasized changes in specific activity in the interpretation of the data because of the evidence (Table 3 ) that protein shifts (essential for calculation of specific activity) may occur as a result of ischemia in many fractions. Such decreases in content of protein, particularly in the soluble fractions, are highly significant in the L-ischemic areas. Therefore, we have concluded that shifts in total activity of enzymes are more meaningful indices of the tissue changes characteristic of ischemia.
The other indicator of intactness of lysosomes (percent free activity) changed most significantly in the L-ischemic areas as well (Fig. 2) . Our estimation of the latency of these organelles is based on the activity recovered in the particulate fractions only. Although the activity recovered from ischemic endocardial samples exhibits a greater percentage of total activity in the soluble form (supernatant) when compared to H-control areas, it has been our experience that the total activity of the supernatant fraction may not be elevated. The activity from one dog of the L-ischemic group in this study exhibited no rise in total soluble activity when compared to its corresponding control; two others experienced only moderate elevations; all three dogs did experience a decrease in total recovered lysosomal activity in these same endocardial samples. The decrease in total activity of lysosomal enzymes may be due to washout of lysosomal enzymatic activity from the ischemic area 13 ' 30 or a decrease in enzymatic activity during the shift from a membrane bound to soluble form. 31 Recent reports, based on use of new separation techniques such as the Beaufay automatic rotor, state that five subpopulations of lysosomal activity are present in cardiac tissue. 9 Studies of these subpopulations of lysosomes suggest differing latencies, content of acid hydrolases and, in particular, differing accessibility to pinocytotic uptake of substances that are administered in vivo. In this work, NAGA was more representative of myocytic lysosomal activity than /?-gluc; the latter enzyme resolved into multiple peaks and changed its sedimentability after administration of nondegradable high molecular weight substances for localization to pinocytotic cells. Thus, in our work NAGA is probably the most specific lysosomal enzyme for the study of myocytes during infarction. The changes in NAGA (Tables 2B, 5A , and Fig. 2 ) depict differing sensitivities of these fractions to the same enzymatic substrate; when coupled with differing losses of total activity from these same fractions it would appear that the lysosomes in each fraction react differently to the same degree of ischemia.
The membrane-bound enzymes, RINCR and cytochrome oxidase, lost activity to an extent comparable to the degree of loss of lysosomal hydrolases. The loss of cytochrome oxidase was most profound in the 1,000 g and 2,500 g fractions of the L-ischemic endocardium (Table 4A ). As discussed by Jennings and Ganote 32 the apparent decrease in total activity is probably related to the inability to recover a majority of the fragile mitochondria from ischemic samples. However, the distribution of total activity from L-ischemic and M-ischemic samples was not significantly different from the control samples on a percentage basis. The 140,000 g fraction contained 45% of the total activity of RINCR and exhibited more than a 7-fold increase in specific activity when compared to homogenate values. The distribution of this enzyme agreed closely with that reported recently from rat ventricle when extracted with 0.25 M sucrose. 33 This enzyme has been shown to be present in hepatic microsomal membranes and outer mitochondrial membranes. 19 It was demonstrated to be similar immunologically in both hepatic mitochondrial outer membranes and microsomes. 34 More recent evidence has shown that RINCR is sensitive to both exogenously added proteolytic and lipolytic enzymes and that it resides in the cytoplasmic surface of microsomal membranes; 35 incubation of hepatic microsomes with the hepatic lysosomal fraction inactivated 80% to 90% of the activity of RINCR while solubilizing cyto-chrome 65 reductase. 36 The significant losses of endocardial RINCR (Table 4B) in M-and L-ischemic areas may be due partly to hydrolysis of structural membrane lipids and proteins by released lysosomal lipases and proteinases.
The reproducible associations of changes in protein, lysosomal enzymes, and RINCR with diminished flow provide strong evidence for a unique model to assess membrane injury in myocardial ischemia. This model may be useful in defining the efficacy of pharmacological and other interventions that show promise in stabilizing myocardial membranes.
